Intelligent screening Protein extraction
Value-added products Algal biomass Aquaculture a b s t r a c t A convenient small-scale extraction method for lyophilized micro-algae is described that dispenses with labor-intensive homogenization and is widely applicable to algae from different phyla. The procedure employs an optimized sequential extraction in trichloroacetic acid (TCA) and NaOH to achieve chemical lysis. Conditions were tested using several micro-algal strains to develop a method that was generally applicable. Incubation of lyophilized material in 24% (w/v) TCA at 95°C followed by a hot alkaline treatment was found to be effective for strains that are resistant to conventional extraction approaches, such as the Chlorella and the Eustigmatophycean species. The single-tube extraction procedure can be complete in 4 h and is conveniently followed by the Lowry assay, requiring a further 30 min. Overall, this method proved to be generally applicable and ideal either for single samples or for high-throughput screening of multiple algal strains for protein content.
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Introduction
Factors such as climate change, population growth, diminishing oil reserves and sustainability issues in the fishing industry have led to a resurgence of interest in micro-algae as a source of biomass, biofuels, fishmeal replacement and food (Becker, 2007; Day et al., 2012; Hu et al., 2008; Huntington, 2009; Stephens et al., 2010) . Micro-algal protein in particular, has potential for animal feed or human consumption, recombinant protein technology and as a valuable by-product of biofuel production (Becker, 2007; Potvin and Zhang, 2010; Williams and Laurens, 2010) . Marine strains could avoid conflicts with agriculture for freshwater supplies, e.g. Nannochloropsis, used both in fish-farm aqua-feed and large scale biofuel production (Day et al., 2012; Radakovits et al., 2012; Rodolfi et al., 2003) .
Despite this potential, issues exist with the ease at which algal proteins can be extracted from some strains, such as Chlorella, due to their resilient cell walls (Doucha and Lívanský , 2008) . In order to evaluate protein levels in novel strains and micro-algal collections, a rapid but generally applicable extraction procedure was needed. Lyophilized biomass was preferred as the starting material to avoid inaccuracies associated with measuring FW (fresh weight) in micro-algae due to liquid carry-over. Additionally, most other concomitant extraction procedures require dry biomass such as rapid direct-derivatization for fatty acid yield, or Dubois for carbohydrates (Carrapiso and García, 2000; Dubois et al., 1956) .
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